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ABSTRACT : PROBLEM TO BE SOLVED: To obtain the subject new enzyme, having activities without 
being affected by manganese, calcium or ions thereof and useful for efficiently mass- 
producing N-acetylneuraminic acid which is a raw material for medicines in a neutral 
region. 

SOLUTION: This new N-acetylneuraminic acid synthase has catalyst activities without 
being affected by manganese, calcium or ions thereof and is capable of catalyzing a 
reaction for producing N-acetylneuraminic acid represented by formula III from 
N-acetylmannosamine represented by formula I and phosphoenolpyruvic acid represented 
by formula II and useful for efficiently mass-producing the N-acetylneuraminic acid which 
is a raw material for medicines in a neutral region. The enzyme is obtained by culturing 
Escherichia coli K1 (ATCC 2351 1) capable of producing the N-acetylneuraminic acid 
synthase in a culture medium under conditions of 37°C according to the shaking culture 
and then collecting the resultant product from the cultured product. 
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[ 0 0 0 1 ] 

[0 0 0 2] *f&*Jj(DN-7-b3-)\,; 5 
1\ Sfe^CStStf^bV^T^VHRK (EDT 

a) lCctotra*$n^cc^ci:*«ai:■rs»faa** 

[0 0 0 3] 

[0 0 0 4] a^SN-T 7 *^^^ * >K4BJRft 

^3-y-^>sift:;ut:>B4SfB$*5*ife CAngew. C 
hem. Int. Ed. Engl., 30, 827-828 (1991)] , StfN 

©te&*s#2 8%i:{£<, £f-&#<D7?£<3\ ttRWas 
[ 0 0 0 5] tZ^-C, WiiUtU N-T-irf-^y -Y 7 



(2) ^H¥l 0 - 4 9 6 1 
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^>iv>^- tf (ec 4.1.3.19) ©#ffiAsa?,nr^ 

[ 0 0 0 6]m**li> *tt««-CC©S*B*ttH 

io iiSo 

[ 0 0 0 7] LtPLfctffc, 3SS^-r^Olt6nfcN- 

iU^%if,n* C^^nr? (Blacklov)£, If 
* v-v— - rtj-Xuv-to)], • ^ h U — 
(The Journal of Biological Chemistry) 237, 3520-3 
526 (1962)] o -7?T% *MB0ffll*ffi&t;:N-7-fe^ 
-Y 7 5 >B^> > * -**Stt©#£#«££ftT t>4 
20 CBiol. Chem. Hoppe-Seyler. 371, 1101-1106 (1990); 
Glycobiology. 1,93-100 (1990)] # N Ztlbom^X* 
tt, «»&fcLTiffllS»ai& (SfffKlftj) Sffli^T^S 

trljnx.T. ^B^ON-T-tef-^y'-Y^ 5>» 

^>^-^cD#ffi4S^rsi:ittA s **$nTi5 5 CBi 
ochem. J. (1995) 308, 501-505] x CCD^T', *JS|g 
30 *T-©N-T-bf-;i/y -Y 7 * >^fi£liN-7 7 -fcr7 t ;U/ 

[0 0 0 8] £©<fc 5 N-T^;w^ 

(JHb¥«K B*«nsK) **rr**f«&N 

[0 0 0 9] 

^>»'>>^— ilSBWiirSa 

[0 0 10] c©SfSN-7-bf-;uy 
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[0 0 12] tt£t>*>, *«niitt, 

[0 0 13] *«WfcJ\ ±I3£J«3££>ffc SOU* 
[0 0 14] MC, **BJili, x^U>vT^>Z3»K 
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[0 0 15] Mtl*&, *^H5ii*ffiStr**1"^±IB 
[0 0 1 6] £&<C*j8BJi(i, ±33<Z>^rft^©N-T 

10 [0 0 17] 
[0 0 18] 

[fbl] 



H 2 C COO" 



^ ^H^y^o-j^, 

HO 



*{3#SLT^4<T*±ECDSJ6B**ll«rSffi**+ 40 

mtztizm®? ©*Si£<*fls-ra^ lift 

[0 0 19] 3=fc, S'J©*S7?S^«lx.Si:, *^0^© 



S/^A, imVUK AU^A, ^h'J^A, & «st 

litti&oM i:^-r*^^o 
[ 0 0 2 0 ] tE*fi»cDBBl«lS*cDN-7-fef-;uy 

5 t?Bu rSt4fb»Hi:Lr, v>#> 

£fcfct*ft£©^*>**&gfc*5*0t?*9 CThe 
Journal of Biological Chemistry. Vol.237, No. 11, p 
p. 3520-3526 (1962)^3 , Z<D&t*$tty<7)N 

tfii, St${bti@i lt^;uv^a 
Sfeii^^-T^VSr^SiibTiS*) CGlycobiology Vo 
1. 1, no.l, pp. 93-100 (1990)30 . ^(D^^mo 

[ 0 0 2 1 ] *«aa©N-7-b^;i/y >f ^ * >» 
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ix5SH<b^©»*l£<jBEtt1--5 3&s s l 
[ 0 0 2 2 ] ££ s S'J©aST-S^aiASi:, #£gBJ!© 

[0023] BX^M&ffittfbti, -r&*>% 

^^^-r^^C^T-*^ (The Journal of Biological * 



*Chemistry. Vol.237, No. 11, pp. 3520-3526 (1962) 
30 o 

[0 0 2 4 ] Sfc, *«WON-7t^yY7i>B 
tfii, ED TA©££(rj;oT 

-t?i:*L<fflifr*i:C5TS)S CThe Journal of Bio 
logical Chemistry. Vol.237, No. 11, pp. 3520-3526, 
10 (1962)30 o 

[0 0 2 5] ZVZtlZ, t^N-rmyY? 
S>»^>*— t?f±, Mn 2 \ Mg 2 \ Zn 2 \ C 

[0 0 2 6] *«BflCDN-T-fe7 c ;i/>'>r^^>K^>* 
^^tCTI2©^l(c^^n^^fb^Kft4S^*UT 
20 [ 0 0 2 7] 

[SI] 





N - 7 *tr f-^v >y f ; 






IIpH 


p H 7 - 8 . #SU<I±7.5 




PH4-1 2, tf£ L < li"7- 1 0 




3 0 - 3 7 T\ Jf^L<tiS5-C 




0-3 0 ^C£"C££ 







l^T, pH 4-1 2 fctt, «*SttS 1 0 OXtLTzWi 
&iz, ^©4 O%Ja±0?S£*«&LT^SpHeH* 
*R*U StpH7-10tlt l«I««C9 0%W±cd?S 

[ 0 0 2 8 ] *«Bfl©N-7-bf-;i/>^7 * >»2/>^ 
^ttlCUoxtg 1 (z£**5fta03{b^ttttH**! 



[0029] ^egcDN-r-tr^^y-r 5 ^ 

IKBS&gi ( Neisseria meningitis )W^©fflB (eft* 

mmK i iifi*-r^^o)T-$)^ 0 

[0 0 3 0] Sfc, *%tm<DN-Tlz^)i; J^*>M 
[ 0 0 3 1 ] Sm*&©-#Jh LTfi, N-T 
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[0032] zom-s, m^btizmmt, N-T-t^ 

<I±*»BK1 ( Escherichia coli Kl ) (ATCC 2 
3 5 11) *WJSJti5 0 

[ 0 0 3 3] a^», ei< 

0.5%, l> U>j;Al. 4%, RSx** 

o. 0 5%. v;utfK-;u2%, liY^y^AO. 
i %&%*zm»t&m^ifim*$tiZo tzmtt. ««2 

O'C^O'C, L<f±3 7°CT% 1 - 1 0 0 RHBk 
[ 0 0 3 4] «*»I± N 

[ 0 0 3 5] N-T-b^-;py>f7* >K5/>^— ifcDfS 

^tr>S*£Jli:1-£aS^-C x pH7-8, #£L< 
<ipH7. 5, 2 5-3 7^ #£ L < li 3 5°C©&# 
T?, 10~6 0#Hk 0#IH£jfic*-£fc 

JST-ffl^-T % <I h tC «t !} a C S 3 0 

[0 0 3 6] N-7-b?-;w>f75>K<Z>£*MU g£ 

JUJSRffi CActa Chem. Scand., 13, 856 (1959)3 x 
;tfv*;i/t:y-;UR$£ (TBAS) CJ. Biol. Chem., 23 
4, 1971 (1959), Biochem. J., 81, 384 (1961), J. Bi* 
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NHAc 



*ochem., 82, 1425 (1977)3 **ffll^T, gJE£fi)M» 

[o o 3 7] ftizmmmmz&^x, x-rtrjuj 

[0 0 3 8] *S6U3tt, ±IB©#»B<Z>N-7-fe 

[0 0 3 9] N-7-fef;^Y7> >R(i, ft*^ N- 
T^^;!/^ ^ * >RUT— tf&tfxtr* 7— tf6D#?t 

30 ^>8^>*-i?£»£hLT, TIB©SJS*fT^ C 

[0 0 4 0] 
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#2 5-5 O'Cfig, ^^L<ii2 5-3 7'Cgg, £ 
L< it 3 5*Cm&, pH&i!#5. 

*f$ L<li7-8*ig, =t^^K(ipH7. 5g 
>f >^a^-y 3 >B#M(iS#0 . 5~2 4B5Bflg 
»*L<fi5-l OlSBBSflEx S L < (i 6 B$ 

[ 0 0 4 1 ] «J6(CISL-C, N-T-fe^;i/7>f7 = >H 

? x >iy>^- etc 7** 7 7*— tf^sn*a-& 

[ 0 0 4 2 ] #$eBJJ©N-7-fe^;i/7^ 5 * >gf>>^ 

SB^osat: J:tii^a$^ 9 5- 1 0 0 %§a, & 
g#9 8-1 «(Z)N-7^fJby^7 
S ^HUT-^Sffl^SRJt^atfSJSa^WS 0% 
US, fr6K9 9%T*£>£C7)lCl±&LT, »L<#ft&» 

[0 0 4 3] 

[0 0 4 4 ] -H«J 1 - 

N-T-b^>il/7 ^ 7 * 

Kl (AT CC 2 3 5 1 1 )*, fflfttgtfe : fig 

$T>^-^A0. 5%, 'J >StK*-*U -i7M . 4 
%. gSxar^o. 0 5%, flfcRv 
y^v^AO. l%:pH8. 5) ^T* 3 7 °C©£PrF 

-efi»af*ufco 8BSH&£*g*£it«K »e,hfce* 

%*i8'l>#*l (9, 0 0 Orpin, 2 0#H) (l£>ttT, 
B#**to/io C©a**? €>CC 5 OmM Tris- 
HC1M (pH9) • SfBLfcgL 

[0 0 4 5] C©»£ii?«4iSfif^ Ptf *>5&7nv 
h^77>f - (DEAE-t!;iD-^: 7^ h7>ft 



(6) 1 0 - 4 9 6 1 
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; tlffift :50mM Tris-HCIM 
(pH8) , m.m: 4 0 ml/?}) , B^^>£»7n 
v h ^ 7 ^— [CM-t;i/D-^ ; 9^ h7>m 
sfef* ; *Sfr?$ : 5 0 mM Tris-HCIM (pH 
7 ) , mm : 2 m 1 /flO , y;t/«ifi^ d v h ^7 7 -f 

- CULTROGEL AcA44, jfef* ; : 5 0 mM T r i 
s-HClSift (pH9) - lOOmM N a C 1 , 85 
3:1. 5ml/^] , ^^^>^»^D7^77^ 

- CRESOURCE J:77^7y7a^ 

10 A)50mM Tris-HClS« (pH9) , B) 
50 mM Tris-HClfM (pH 9) -3 0 0m 
M NaCl, ^7yx> h ; 0-3 0 OmM NaC 
K sll3nil/«, ^□vh7t-*y>y'[Mo 
no P:77^Vy7aS, *£fj& : A) 7 5 

mM Tris (pH9. 3) -CH 3 COOH. B) 
1 0 Polybuf f er96-CH 3 COO 

h ( p h 9 ) ; ataimi/»D amaa^Dvh 

7^7^ — C^77f'^^G-l 00 : 77il/Ty7 
ttlk ; :50mM Tris-HCl 

20 (pH9)-150mM NaCL ffil:0. 4ml 
/AO (l£>ttT, ^l^N-T-tr^^y ^7; >|y>^ 

[ 0 0 4 6 ] ft, £®#(l$i;ft£N-7-b^7^7 

£?\ U U ^A©#«ETT-N-7'-fe^;i/V>y 5 

>5t5^^^oi7— ;i/tr;n;>Ki:i:*(r, pH7. 
5. 3 5°C"C3 0»PJ>r >^ri^-va>bfeo 

SJS«*©ft 1/1 0§*CD0 . IN ig&£^Jn 

30 ffi&fc/B^T. SfiR^nt N - 7 >f 5 * 
Jtfi£ 5 4 0 nm©«fiT-S0;£1-££ffiT-;Rfcfco 
[ 0 0 4 7 ] WTOS 

[ 0 0 4 8] -f-*^;ut;y-;i/»i£- 
K*4 0. 2ml (CO. 1 ml©i§3^^KM**^Dx., 
3 7°CT:3 O^Hiasl-rSo ^ftK&BSB* V-yjfcfcSn 

£1. 0mlJn*So &£LT»BiB« + C7. 5#IB 

U 2-7 htyij 
40 S-J12. OmlSflaiTSlPU LTitfe 

[0049] *2«r&«HaB-r»e>nfeN-T-fef-;u 

[ 0 0 5 0] 
[212] 
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Km**-,? 


One) 


(u) 




tt85 

(fold) 






263,000 


152 


0. 0006 


1 


100 


DEAE-caHulose 


13,900 


133 


0.01 


17 


83 


CK-cel lulose 


13,200 


117 


0.01 


17 


77 


ULTROGEL AcA44 


700 


86 


0.15 


250 


63 


RESOURCE Q 


85 


S7 


1.00 


1.600 


44 


hbno P 


0.50 


22 


44 


73,000 


14 


Sephedex C-100 


0.03 


15 


487 


510,000 


10 



t43Mi (1U) fc(±, l^P^iC 1 jumo\<DN-T-b^)l< 

^*^«t«1-^o MfiHOKi, n-U-S (Lo 

wry method) tlcfcoT CJ. Biol. Chem., 193 265 (195 

1) 3 * MfeLfZo 

[0 0 5 1 ] Z(DJ5mz&r>, ItStt 4 8 7 

U/mgie aflfiffl S30/ig^^Ci:^f#^o 

[0 0 5 2 ] C^SS^^Hfy^MT-h'J^A- 
^U7^ >J;i/7 * K*fl»lfr (WT, SDS-PAGE 
ht^Oo 12. 5%tfDT£ U^T 7 ^ K^;!/) ll^ttfc 

2) o 

[0 0 5 3] r r v Z ^G-m^m^tz? 

— tf&^fi 1 0 6 kD£^U CCCt^f,*^© 
N-7W;i/y^7;>i5/>*-l?lt ^5 0kDC0 

[0 0 5 4] -2S160J2 - 

N-T-bT^W 4 =y X >»*> > * — bOSfl^ftttH 
HJE#J lt'iSlfeN-7tf^y -Y 7 5 >Sy>^- 

tix laitc^-r^iSdipDTaiisL/io 

[0 0 5 5] ( 1 ) £JS3£©g*tt 

[0 0 5 6 ] (^tT>) i:LTI*. v>#> (M 

nCl 2 ) x v^x^A (MgCh) , zt/Vlh (C 
oCl 2 ) , lihv^L (CaCl 2 ) , tj'J^A (KC 
1), 7~b 'J^A (NaClK 3g (AgN0 3 ) . ft 

(Fe SO<) im^tzo 

[0057] m \ i^-ras^dfc^T, lt 

0. 0 0 5 U©N-7-tf Y 5 * 



30 



40 



nCl 2 ) &V*)Vi"5<L (CaCh) (coatee* 

[ 0 0 5 8] v^S/^A (MgC 1 2 ) ^ 3/^1/ h 
(CoCl 2 ) , *'J^A (KCl) , (N 
aCl) , $g ( A g N 0 3 ) S^ft (FeSOJ tio^ 
T4n CCD^^hP^I^, ^<^*,10mM©Ifit- 

20 [ 0 0 5 9 ] (2) SHfb£«5#tt 

^JS^J 1 -e»e>nfe»«N -r-b^^y >r ^ 5 >8y> 

[0 0 6 0 ] ft, £^i:^t^N-7tf;byY7; 
>|y>^- tfiis ^»SHfb^***&^MS« 
(50 mM Tris-HCK pH7. 5)T?atffL 

rmmLtzo 

[0 0 6 1 ] SHlt^VotLXlt, J3- 

[0062] 01 {Z7jk+s.fBmzi5^x, mmt lx 

0. 0 0 5 U©N-7tfJl/>'^7;>iy>*-lft 

{b^Srflt^^asT-snife^-Eti^nfro^T, 

[0 0 6 3 ] 0-* ;U7J7*h^^y-;i/. i/XrOS 

% < tt) 1 0mM©i9S^T*N-7^^;^^7 = 

[ 0 0 6 4 ] ( 3 ) PIS#J 
HJ6#J lT-W^nfeHISN-r-tr^^y >f 7 ;>iy> 

[0 0 6 5 ] Pl#^Ji:LT, EDTA (xfb>y7; 
yW&m , PCMB (p-^DD^^J51f 
K) , HgCl 2 (^fb7Xig) , MIA (3-K» 
K) , H,P 2 0 7 (^D'J>^) Sffl^feo 
[0 0 6 6 ] El 1 (C^T£j£S(-£^T, mmtLX 

0. 0 0 5 ucDN-ytj-ji; 4 ? i 



50 
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7-trfA>/^7^>K01^fc 0 EDTA, PCM 
[ 0 0 6 7 ] M I ASr>-H 4 P 2 0 7 iIo^Tii, EDT 

[ 0 0 6 8] (4) SK^Stt, SJS^fiEUf©^ 

mi ti^-r^ffii^cT^ oa»5 3 o o^hkdk 

-i>3> (SIS) B^P^irl^^it^JLT^J^-r^vr^K 

[oo6 9] z(Dztfrt> s mmmm^, n-t^^i/ 

«*e>t::SsBJII#, is7)\,m*)7—V 

[0 0 7 0] EJS£fiEW£, f-*v^ tf\y-,il,» 

HPLCtcj;^y>tff, I RtC^^^W^-r-SChtc 

fee 

[0 0 7 1 ] (5)^ft^ttI(pH, i^g©^ 
3) 

(i)I«pH, pH(i£3££t£ 
&pH£f$TT-£ifc*fia\ *^H^(Z)N-r-b^;uy-r 

^ ^ >K*>>*— t?©SjSpH*jR«)t: 0 KJfolfeffii, 
Y>^tjl^-v3> (SJfE) * 2 5°Ctr 3 O^RHfTi^K 

[ 0 0 7 2 ] N-r-trf-;uy -f7 * >S-»*- 

-fc?££fflpH&#T (pH4-l 2) T— £B$PiK 

«pH£frT, 2 5°CT-3 07>ffl>T>^a^-i/3>L 
^TBIRS£5 (pH 7 . 5, 2 5 °C, 3 0#fifl) LT, 

[ 0 0 7 3 ] cti^©*^ *3^©N-r-t:^;uy -y 



1 0 - 4 9 6 1 
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SfepH4-l 2©IEHtr2 5'C\ 3 0 TtP^tfM >*o. 
^-'>3>LTfc«7^S1Sl 0 0%f:*JLT4 0%W± 
©St4£*t&LT£ 5, ^HpH7- 1 0CD«BT-i±fi 

[0 0 7 4 ] (ii)fluaa»©iSH 
H7. 5©MT7:15U 2 0°C, 3 0t, 3 5^ 

40°c, 5 ovrus ovo&m&m-zft'otzo 

10 3 S'Cti^CStt^enS: (09) o 

[0 0 7 5] g=fc, N-T-tr^^y -Y v = >gy>^- 
Hf*#«»S*ffT (0-6 0°C) T*-SW>^a 

afiS^ffT^ pH7. 5t 3 07>^>^ra^-y3 

t:outB*Si£(2 5U PH7. 5, 3 O^H) L 
20 [0 0 7 6] Ztl ^m^-T^=f-)V 

^^7i>ii/> ^ — ©»«?stt©saa*tt 35t 

*fcaflESStt«rHLT<±, PH7. 5T-30 
#HK >^ra^-y 3 >t^^ftK-0-3 O-Cggg; 

[ 0 0 7 7 ] (6) ^xij^g 

[0 0 7 8]^(t 3 0mM h 'J J*igK*ffr?fc (pH 
30 7.5), 0. 0 0 5 U N-7tfJM^7>>iy> 

^;-)l¥)\'\z'>MZ$tsElfc®m (5 0 0 ^/1) fcffl 
l^T, 3 5°CT- 3 Ofrm-f >*^^~i/3>tZ>Z til 
£Dtri\ 4fi£lf;N-7^f^y^7^>8©I^f 

[ 0 0 7 9 ] N-T-tr^i/ vw-tf-* >©«S«^tt* 

^SBRJi, N-r^T^u^wtU >0>«KHu 2 0rn 
40 MiiLfco 

[ 0 0 8 0 ] ^ ><^-;n'- . ^-^xUC£oT*tB 

XioiA-CiiS. 6mMs ^*x;- ji^ji t:>B^ 
o^TiiO. 0 4 3mMT-Sofc 0 
[ 0 0 8 1 ] -HS£^iJ3- 

(pH8) i:N-7*fJl/7>;if; 
> 7 1 7mgM*7^x;-;^;Hi>87 0 2 mg 
50 £;g»?U C^fSiSCIISE^J lT-WSiffiffLfeN-r-fe 
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